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(57) ABSTRACT 

The present invention relates to a method and apparatus 
where pre-defined diagnostic medical agent administration 
data are prospectively collected and analyzed, in order to 
provide an objective contrast administration risk-benefit 
analysis, and provide an impartial analysis for pre-testing 
assessment, as well as optimization of examination, contrast 
selection and performance parameters. By storing this data in 
a standardized and centralized fashion, the data could in turn 
be used for clinical outcome analysis on a local, regional, and 
national level. 
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QUALITY ASSURANCE SCORECARD FOR 
DAGNOSTIC MEDICAL AGENT 

ADMINISTRATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present invention claims priority from U.S. pro 
visional patent application No. 60/897.837, filed Jan. 29, 
2007, the contents of which are herein incorporated by refer 
ence in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention generally relates to a method 
and apparatus to define the multitude of data points associated 
with diagnostic medical agents, such as intravenous contrast, 
administration, and to analyze these data in a reproducible 
fashion to provide quality assurance feedback to various 
stakeholders for improved healthcare outcomes. 
0004 2. Description of the Related Art 
0005 From the time a patient seeks medical attention to 
the time medical treatment has been completed, a number of 
patient-providerinteractions occur, many of which are driven 
by medical imaging technologies. As the Sophistication and 
enhanced visualization capabilities of these medical imaging 
technologies continues to progress, new non-invasive appli 
cations are now being utilized to replace invasive procedures, 
theoretically improving patient safety. A pertinent example of 
this transition from invasive to non-invasive medical imaging 
would be cardiac imaging techniques used to diagnose coro 
nary arterial disease (CAD). Up until recently, the principal 
diagnostic procedure of choice was coronary angiography, 
which necessitated direct insertion of a catheter within the 
coronary arteries followed by injection of a diagnostic medi 
cal agent for CAD visualization. With the advent of high 
speed, multi-detector CT scanners, this invasive procedure is 
being replaced by non-invasive imaging techniques. While 
this theoretically reduces patient morbidity (associate with 
catheter insertion and manipulation), it does not obviate the 
multitude of safety issues associated with diagnostic medical 
agent administration, which is still required for optimized 
visualization of coronary arterial anatomy. 
0006. The administration of a diagnostic medical agent, 
Such as intravenous contrast, has become ubiquitous within 
medical imaging and is commonly used in a number of medi 
cal imaging modalities including computed tomography 
(CT), magnetic resonance imaging (MRI), and digital radi 
ography (DR). New applications and contrast agents are also 
being investigated for other medical imaging modalities, 
including nuclear medicine and ultrasound. 
0007. A number of different diagnostic medical agents are 
currently in everyday use, each with its own clinical profile. 
The overall safety analysis of diagnostic medical agent 
administration is largely driven by a risk-benefit analysis, 
which compares the clinical advantages associated with 
improved visualization (and corresponding improved diag 
nosis), with the inherent liabilities (which are largely focused 
on patient morbidity). In the current practice environment, 
this risk-benefit analysis is largely idiosyncratic in nature and 
in many instances is performed retrospectively, in the event of 
an adverse outcome (e.g., allergic reaction to intravenous 
contrast administration). 
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0008 To date, no comprehensive medical information 
system is in place to collect, Store, and analyze critical data 
associated with diagnostic medical agent administration. 
0009. Thus, a method and apparatus to provide a compre 
hensive medical information system associated with diagnos 
tic medical agent administration, is needed. 

SUMMARY OF THE INVENTION 

0010. The present invention relates to a computer-imple 
mented method of administering a medical diagnostic agent, 
Such as intravenous contrast, during an imaging examination 
onapatient, which includes retrieving clinical information on 
the patient from a database; performing an assessment of 
examination appropriateness for the patient by performing an 
analysis on the type of requested imaging examination in 
comparison with the clinical information retrieved on the 
patient; retrieving information on a plurality of diagnostic 
medical agents from said database; performing a functional 
assessment of the imaging examination to be performed by 
determining parameters for administration of a diagnostic 
medical agent during conduct of the imaging examination in 
light of said clinical information on the patient; and selecting 
and displaying an appropriate diagnostic medical agent for 
use during the imaging examination based on a result of said 
examination appropriateness assessment and said functional 
aSSeSSment. 

0011. In one embodiment, a QC analysis of the imaging 
equipment used for the imaging examination, is performed 
prior to the imaging examination. 
0012. In one embodiment, any iatrogenic trauma associ 
ated with insertion of an intravenous catheter for delivery of 
the diagnostic medical agent to the patient, is recorded. Dur 
ing the examination, the images acquired, QA data received, 
and diagnostic medical agent injection data received, is stored 
in the database. 
0013. After the examination, a clinical assessment of the 
patient is conducted after the catheter is removed. 
0014. In one embodiment, a practitioner is notified by 
electronic means, of any adverse reactions, unexpected or 
emergent findings, based on said clinical assessment. 
0015. In one embodiment, the patient is calendared for 
follow-up in the event of any adverse reactions or findings. 
0016. In one embodiment, an analysis of the clinical data, 
image data, QA data, and diagnostic medical agent adminis 
tration data received during the examination, is performed, 
and provided in a report. 
0017. In one embodiment, any specialized image process 
ing parameters assessed for the patient based on the func 
tional assessment and on the imaging examination per 
formed, is stored in the database with the QA data. 
0018. In one embodiment, institutional personnel are noti 
fied by electronic means, of any QA deficiencies in the exami 
nation or in performance of the personnel, based on the clini 
cal data, image data, and QA data, and its analysis. If any 
personnel are deficient in performance or training, those per 
Sonnel are denied computer access and privileges until the 
deficiencies are overcome. 
0019. In one embodiment, the patient is provided with a 
Survey, and their response is added to the database for addi 
tional analysis. 
0020. In one embodiment, a trending analysis of said QA 
data, clinical data, image data, and its analysis, and said 
patient Survey. 
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0021. In one embodiment, best practice guidelines are 
stored in the database, and a comparison is performed of said 
QA data with said best practice guidelines, and institutional 
personnel are notified by electronic means, when clinical 
guideline thresholds are exceeded based on said comparison. 
0022. In one embodiment, economic, workflow and clini 
cal outcomes analyses of said QA data, clinical data, imaging 
data, and best practice guidelines comparison, are performed. 
0023. In one embodiment, standardized QA data from the 
economic, workflow, and clinical outcomes analyses, as well 
as the analyses on the QA data, clinical data, imaging data, 
and the best practice guidelines comparison, are posted on the 
Internet for public dissemination. 
0024. In one embodiment, the information on the diagnos 

tic medical agent is incorporated into each individual image 
DICOM header, and the information includes a time and/or 
activity curve of each organ presented which may be pre 
sented in a preselected color or size of font. 
0025. In another embodiment, a computer system for pro 
viding diagnostic medical agent administration during an 
imaging examination on a patient, includes at least one 
memory which contains at least one program which includes 
the steps of retrieving clinical information on the patient 
from a database; performing an assessment of examination 
appropriateness for the patient by performing an analysis on 
the type of requested imaging examination in comparison 
with the clinical information retrieved on the patient; retriev 
ing information on a plurality of diagnostic medical agents 
from said database; performing a functional assessment of the 
imaging examination to be performed by determining param 
eters for administration of an diagnostic medical agent during 
conduct of the imaging examination in light of said clinical 
information on the patient; and selecting and displaying an 
appropriate diagnostic medical agent for use during the imag 
ing examination based on a result of said examination appro 
priateness assessment and said functional assessment; and a 
processor for running the program. 
0026. In another embodiment, a computer-readable 
medium for providing diagnostic medical agent administra 
tion during an imaging examination on a patient, includes 
retrieving clinical information on the patient from a database; 
performinganassessment of examination appropriateness for 
the patient by performing an analysis on the type ofrequested 
imaging examination in comparison with the clinical infor 
mation retrieved on the patient; retrieving information on a 
plurality of diagnostic medical agents from said database; 
performing a functional assessment of the imaging examina 
tion to be performed by determining parameters for adminis 
tration of an diagnostic medical agent during conduct of the 
imaging examination in light of said clinical information on 
the patient; and selecting and displaying an appropriate diag 
nostic medical agent for use during the imaging examination 
based on a result of said examination appropriateness assess 
ment and said functional assessment. 
0027 Thus has, been outlined, some features consistent 
with the present invention in order that the detailed descrip 
tion thereof that follows may be better understood, and in 
order that the present contribution to the art may be better 
appreciated. There are, of course, additional features consis 
tent with the present invention that will be described below 
and which will form the subject matter of the claims appended 
hereto. 
0028. In this respect, before explaining at least one 
embodiment consistent with the present invention in detail, it 
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is to be understood that the invention is not limited in its 
application to the details of construction and to the arrange 
ments of the components set forthin the following description 
or illustrated in the drawings. Methods and apparatuses con 
sistent with the present invention are capable of other 
embodiments and of being practiced and carried out in vari 
ous ways. Also, it is to be understood that the phraseology and 
terminology employed herein, as well as the abstract included 
below, are for the purpose of description and should not be 
regarded as limiting. 
0029. As such, those skilled in the art will appreciate that 
the conception upon which this disclosure is based may 
readily be utilized as a basis for the designing of other struc 
tures, methods and systems for carrying out the several pur 
poses of the present invention. It is important, therefore, that 
the claims be regarded as including Such equivalent construc 
tions insofar as they do not depart from the spirit and scope of 
the methods and apparatuses consistent with the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 FIG. 1 is a schematic of a computer system accord 
ing to one embodiment consistent with the present invention. 
0031 FIGS. 2A and 2B are flowcharts of steps taken to 
administer a diagnostic medical agent for an imaging exami 
nation according to one embodiment consistent with the 
present invention. 

DESCRIPTION OF THE INVENTION 

0032. The present invention relates to a method and appa 
ratus where pre-defined diagnostic medical agent administra 
tion data, Such as intravenous contrast administration data, 
are prospectively collected and analyzed, in order to provide 
an objective diagnostic medical agent administration risk 
benefit analysis, and provide an impartial (i.e., computer 
generated) analysis for pre-testing assessment. The present 
invention would in turn utilize this data to optimize examina 
tion and diagnostic medical agent selection and performance 
parameters. By storing this data in a standardized and cen 
tralized fashion, the data could in turn be used for clinical 
outcome analysis on a local, regional, and national level. In 
the end, the goal would be to optimize patient safety and 
improve the overall risk-benefit analysis associated with 
diagnostic medical agent administration within medical 
imaging. 
0033. In the exemplary embodiment of medical (radio 
logical) applications, the diagnostic medical agent adminis 
tration system 100 of the present invention (see FIG. 1) is also 
designed to interface with existing systems such as a contrast 
injection device 5, for example, a Hospital Information Sys 
tem (HIS) 10, a computerized physician order entry (CPOE) 
system 15, a Radiology Information System (RIS) 20, a 
radiographic device 21 which uses, among others, a com 
puted radiography (CR) cassette or direct radiography (DR) 
system, a CR/DR plate reader 22, a Picture Archiving and 
Communication System (PACS) 30, and to conform with the 
relevant standards, such as the Digital Imaging and Commu 
nications in Medicine (DICOM) standard, DICOM Struc 
tured Reporting (SR) standard, or the Radiological Society of 
North America's Integrating the Healthcare Enterprise (IHE) 
initiative. 

0034. Thus, bi-directional communication between the 
diagnostic medical agent administration 100 and the infor 
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mation systems, such as the CPOE 15, HIS 10, RIS 20, PACS 
30, as well as the ancillary equipment, such as the contrast 
injection device 5, radiographic device 21, and CR/DR plate 
reader 22, allows the diagnostic medical agent administration 
system 100 to retrieve information from these systems and 
update information therein and provide the desired reports. 
0035 Although at times the diagnostic medical agent will 
be identified as an intravenous contrast, one of ordinary skill 
in the art would know that other diagnostic medical agents, 
Such as radioisotopes used in nuclear medicine, optical imag 
ing agents for molecular imaging, and topically administered 
agents for dermatology, would also be used, and the diagnos 
tic medical agents may be administered parietally, orally, or 
topically. 
0036. The diagnostic medical agent administration system 
100 of the present invention (see FIG. 1) includes a client 
computer 101, such as a PC, which may or not be interfaced 
or integrated with the PACS 30, and includes an imaging 
display device 102 capable of providing high resolution of 
digital images in 2-D or 3-D, for example. However, if the 
image resolution can be sufficiently high, the client may be a 
mobile terminal. Such as a mobile computing device, or a 
mobile data organizer (PDA), operated by the user accessing 
the program 110 remotely from the client. 
0037 Methods and systems consistent with the present 
invention are carried out by providing an input means 104 
(see FIG. 1), or user selection means, including hot clickable 
icons etc., or selection buttons, in a menu, dialog box, or a 
roll-down window of an interface provided at the client 101, 
and the user may input commands through a programmable 
stylus, keyboard, mouse, speech processing means, laser 
pointer, touch screen, or other input means 104. 
0038. The input or selection means 104 may be constituted 
by a dedicated piece of hardware or its functions may be 
executed by code instructions executed on the client proces 
sor 106, involving the display unit 102 for displaying the 
selection window and a stylus or keyboard for entering a 
selection, for example. 
0039 However, input of the symbols or icons, by a user 
would preferably be accomplished using a multi-functional, 
programmable stylus 104, which can not only be used to draw 
symbols onto the image, but can also accomplish other tasks 
intrinsic to the image display, navigation, interpretation, and 
reporting processes that are Superior to using traditional com 
puter keyboard or mouse methods (both within the PACS and 
Electronic Medical Report (EMR)). 
0040. The client 101 typically includes a processor 106 as 
a client data processing means, the processor including a 
central processing unit (CPU) 107 or parallel processor and 
an input/output (I/O) interface 108, a memory 109 with a 
program 110 having a data structure 111, all connected by a 
bus 112. Further, the client 101 would include an input device 
or means 104, a display 102, and may also include one or 
more secondary storage devices 113. The bus 112 may be 
internal to the client 101 and may include an adapter to a 
keyboard or input device 104 or may include external con 
nections. 
0041. The imaging display device 102 for the present 
invention is a high resolution touchscreen computer monitor, 
which would allow images, such as X-rays, to be readable 
clearly, easily and accurately. Alternatively, the imaging dis 
play device 102 can be other touch sensitive devices including 
tablet, pocket PC, and plasma screens. The touch screen 
would be pressure sensitive and responsive to the input of the 

Apr. 9, 2009 

stylus 104 which would be used to write/draw directly onto 
the image displaying device 102. 
0042. In addition, high resolution goggles may be used to 
provide end users with the ability to review images without 
the physical constraints of an external computer. 
0043. Note that with respect to the client system 101, the 
graphics user interface is a client application written to run on 
existing computer operating systems which may be ported to 
other personal computer (PC) software, personal digital assis 
tants (PDAs), and cell phones, and any other digital device 
that has a screen or visual component and appropriate storage 
capability. 
0044) The processor 106 at the client 101 may be internal 
or external thereto, and executes a program 110 adapted to 
predetermined operations. The processor 106 has access to 
the memory 109 in which may be stored at least one sequence 
of code instructions comprising the program 110 and the data 
structure 111 for performing predetermined operations. The 
memory 109 and program 110 may be located within the 
client 101 or external thereto. 
0045. Note that at times the system of the present inven 
tion is described as performing a certain function. However, 
one of ordinary skill in the art would know that the program 
110 is what is performing the function rather than the entity of 
the system itself. 
0046. The program 110 which runs the QA method and 
system of the present invention can include a separate pro 
gram 110 code for performing a desired operation, or may be 
a plurality of modules performing Sub-operations of an opera 
tion, or may be part of a single module of a larger program 110 
providing the operation. 
0047. The processor 106 may be adapted to access and/or 
execute a plurality of programs 110 corresponding to a plu 
rality of operations. An operation rendered by the program 
110 may be, for example, Supporting the user interface, data 
mining functions, performing e-mail applications, etc. 
0048. The data structure 111 may include a plurality of 
entries, each entry including at least a first storage area that 
stores the databases or libraries of image files, for example. 
0049. The storage device 113 stores at least one data file, 
Such as image files, text files, data files, audio, video files, etc., 
in providing a particular operation. The data storage device as 
storage means 113, may for example, be a database, including 
a distributed database connected via a network, for example. 
The database can be a computer searchable database and may 
be a relational database. The storage device may be connected 
to the server 120 and/or the client 101, either directly or 
through a communication network, such as a LAN or WAN. 
An internal storage device 113, or an external storage device 
114 is optional, and data may also be received via a network 
and directly processed. 
0050. In methods and system consistent with the present 
invention, the client 101 may be connected to other clients 
101 or servers 120, including administration, billing or other 
systems, via a communication link 116 as a client communi 
cation means, using a communication endport specified by an 
address or a port, and the communication link 116 may 
include a mobile communication link, a Switched circuit com 
munication link, or may involve a network of data processing 
devices such as a LAN, WAN, the Internet, or combinations 
thereof. In particular, the communication link may be to 
e-mail systems, fax, telephone, wireless communications 
systems such as pagers and cell phones, wireless PDAs and 
other communication systems. 
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0051. The communication link 116 may be an adapter unit 
capable to execute various communications protocols in 
order to establish and maintain communication with the 
server 120, for example. The communication link 116 may be 
constituted by a specialized piece of hardware or may be 
realized by a general CPU executing corresponding program 
110 instructions. The communication link 116 may beat least 
partially included in the processor 106 executing correspond 
ing program 110 instructions. 
0052. In one embodiment consistent with the present 
invention, if a server 120 is used in a non-distributed environ 
ment, the server 120 would include a processor 121 having a 
CPU 122 or parallel processor which is a server data process 
ing means, and an I/O interface 123, but may also be consti 
tuted by a distributed CPU 122 including a plurality of indi 
vidual processors 121 on one or a plurality of machines. The 
processor 121 of the server 120 may be a general data pro 
cessing unit, but preferably a data processing unit with large 
resources (i.e., high processing capabilities and a large 
memory for storing large amounts of data). 
0053. The server 120 also includes a memory 124 with 
program 125 having a data structure 126 all connected by a 
bus 127. The bus 127 or similar connection line can also 
consist of external connections, if the server 120 is consti 
tuted by a distributed system. The server processor 121 may 
have access to a storage device 128 for storing preferably 
large numbers of program 110s for providing various opera 
tions to the users. 

0054 The data structure 126 may include a plurality of 
entries, each entry including at least a first storage area which 
stores image files, for example, but may also have alternative 
embodiments including that associated with other stored 
information as one of ordinary skill in the art would appreci 
ate 

0055. The server 120 may be a single unit or may be a 
distributed system of a plurality of servers 120 or data pro 
cessing units, and may be shared by multiple users in director 
indirect connection to each other. The server 120 performs at 
least one server program for a desired operation, which is 
required in serving a request from the client 101. 
0056. The communication link 129 from the server 120 is 
preferably adapted to communicate with a plurality of clients. 
0057 The present invention is implemented in software 
which can be provided in a client and server environment, or 
in a distributed system over a computerized network across a 
number of client systems. Thus, in the present invention, a 
particular operation may be performed either at the client or 
the server, at the edge of a network or at the center, or both. 
Therefore, at either the client or the server, or both, corre 
sponding programs for a desired operation/service are avail 
able. 

0.058. In a client-server environment, at least one client 
and at least one server are each connected to a network 220 
such as a Local Area Network (LAN), Wide Area Network 
(WAN), and/or the Internet, over a communication link 116, 
129. Further, even though the systems contrast injection 
device 5, CPOE 5, HIS 10, RIS 20, radiographic device 21, 
CR/DR reader 22, and PACS 30 (if separate), for example, are 
shown as directly connected to the client 101, it is known that 
these systems could be connected to the client over a LAN, 
WAN, and/or the Internet via communication links. Interac 
tion with users may be through secure and non-secure internet 
connectivity. Thus, the steps in the methods consistent with 
the present invention are carried out at the client or at the 
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server, or at both, the server (if used) being accessible by the 
client over for example, the Internet using a browser applica 
tion or the like. 
0059. The client system 101 may include communications 
via a wireless service connection. The server system 120 may 
include communications with network/security features, via 
a wireless server, which connects to, for example, Voice rec 
ognition. However, one of ordinary skill in the art would 
know that other systems may be included. 
0060. In another embodiment consistent with the present 
invention, the client system may be a basic system, and the 
server may include all of the components necessary to Support 
the software platform of the present invention. Further, the 
present client-server system may be arranged such that the 
client system can operate independently of the server system, 
but that the server system can be optionally connected. In the 
former situation, additional modules would instead be con 
nected to the client system. In another embodiment consistent 
with the present invention, the client system and server sys 
tem can be disposed in one system, rather being separated into 
two systems. 
0061 Although the above physical architecture has been 
described above as client-side or server-side components, one 
of ordinary skill in the art would know that the above com 
ponents of the physical architecture may be in either client or 
server, or in a distributed environment. 
0062. Further, although the above-described features and 
processing operations may be realized by dedicated hard 
ware, or may be realized as programs including code instruc 
tions executed on data processing units, it is further possible 
that parts of the above sequence of operations are carried out 
in hardware, whereas other of the above processing opera 
tions are carried out using software. 
0063. The underlying technology allows for replication to 
various other sites. Each new site can maintain'state' with its 
neighbors so that in the event of a catastrophic failure, other 
server systems can continue to keep the application running, 
and allow the system to load-balance the application geo 
graphically as required. 
0064. Further, although aspects of one implementation of 
the present invention are described as being stored in 
memory, one of ordinary skill in the art will appreciate that all 
or part of the methods and systems consistent with the present 
invention may be stored on or read from other computer 
readable media, Such as secondary storage devices, like hard 
disks, floppy disks, CD-ROM, a carrier wave received from a 
network such as the Internet, or otherforms of ROM or RAM 
either currently known or later developed. 
0065. Further, although specific components of the system 
have been described, one skilled in the art will appreciate that 
the system suitable for use with the methods and systems 
consistent with the present invention, may contain additional 
or different components. 
0066. Accordingly, in one embodiment consistent with the 
present invention, the diagnostic medical agent administra 
tion system 100 and method as used in an exemplary radiol 
ogy application, begins with the insertion of a catheter into a 
patient, through which a diagnostic medical agent (i.e., intra 
venous contrast) is inserted. 
0067. At the outset, the insertion of the catheter into the 
patient is assessed such that the party performing the insertion 
is properly assessed in their performance. Thus, in the present 
invention, a neutral third party (e.g., nurse) would first per 
form a patient profile assessment, which includes body habi 
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tus, clinical status, patient compliance, and venous accessi 
bility, which takes into account inter-patient variability. This 
assessment by a third party of the catheter insertion would 
also include the recordation iatrogenic trauma associated 
with catheter insertion (e.g., hematoma formation, contrast 
extravasation, and pseudoaneurysm formation). 
0068 Performance by the technologist performing the 
catheter insertion would vary, depending on the ability of the 
technologist, and also the patient profile. For example, a 
technologist performing catheter insertion within a tertiary 
care facility dealing with high-morbidity oncology patients 
would not have the same Success/failure rate as a counterpart 
working within an outside medical imaging center with a 
highly compliant, ambulatory patient population. 
0069. Any clinical or imaging follow-up (e.g., ultrasound) 
associated with this catheter-related morbidity would be 
documented by a third party, Such as a departmental nurse, 
radiologist, or chief technologist, and inputted manually into 
the computer database, or inputted automatically by the pro 
gram 110 using computerized technologies such as natural 
language processing Software or intelligent agents. Note that 
the parties involved (e.g., technologist, nurse, radiologist) 
would be identified by the program 110 by their sign-on/login 
information and also by the electronic documentation (cod 
estamping) associated with the procedure. 
0070 The program 110 will electronically link this clini 
cal or imaging follow-up with the catheter-related morbidity, 
with the primary imaging examination, in the computer data 
base 113 (or this can be done manually by the third party), 
thereby providing data for comprehensive outcomes and eco 
nomic analyses (as discussed below). The program 110 would 
provide this data prospectively or retrospectively to the clini 
cian, radiologist, technologist, or other stakeholder. 
0071. Thus, in the event that contrast extravasation is used, 
once the complication has been recognized by the third party 
or by the program 110 in a comparison of the inputted data 
against a standard for the procedure, departmental quality 
assurance policy would mandate that all relevant data be 
recorded, which in turn would be linked to the imaging study 
and patient data within the PACS 30, RIS 20, and EMR. 
0072 Accordingly, in one example, the data on contrast 
extravasation, including the time, Volume, and pressure mea 
Surements recorded in association with contrast extravasa 
tion, as well as all Subsequent orders, consultation notes, or 
follow-up procedures (i.e., imaging, Surgical), with “contrast 
extravasation' incorporated into the indication and/or report, 
would be identified by the program 110, for example, through 
natural language processing (NLP) software, as related data, 
which would in turn be incorporated into a quality assurance 
(QA) database 113 by the program 110. A third party that 
oversees departmental quality assurance (e.g., chief technolo 
gist, administrator, or radiologist) would in turn review these 
quality assurance data links and determine whether it is apro 
pos, so that all non-related data is removed from the QA 
database 113 associated with the patient, imaging study, and 
involved personnel. 
0073. In another example, when an iatrogenic hematoma 
or pseudoanurysm occurs with the diagnostic medical agent 
administration, similar data is recorded manually by the third 
party and tracked electronically by the program 10, with all 
data being recorded into the QA database 113 by the program 
110. These complications are often conservatively managed, 
with follow-up imaging studies being performed (e.g., ultra 
sound or CT) to document interval resolution. In addition, all 
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physician notes relevant to the complication (i.e., progress 
notes, consultation reports, operative notes) would also be 
linked (either manually or electronically by the program 110) 
and recorded within the QA database 113 by the program 110 
for future analysis. 
0074 The program 110 performs a comparison analysis of 
the complications during diagnostic medical agent adminis 
tration as compared to a standard or norm, and staff members 
that demonstrate poor performance indicators on a continu 
ous basis would be expected to undergo remedial education 
and training sessions and be proctored until their technical 
scores are elevated to their peer group. Privileges are sus 
pended are withheld by the program 110 and the administra 
tion, until remedial action is taken. 
0075 Thus, each staff member performing venipuncture 
and catheter insertion should have documentation of training 
and ongoing education, as well as performance monitoring. 
The training assessment of the staff member should be done 
on both an individual and an institutional level. This would 
actively encourage (and reward) continuing education for 
staff and provide the means with which to correlate education 
with technical performance. 
0076. If a staff member does not have the requisite educa 
tion or training, or if their technical performance is Sub 
standard, then the program 110 will notify the staff member, 
and/or third party, and QA team, for example, that the staff 
member is not authorized to perform the medical procedure 
(i.e., intravenous contrast administration). 
0077. The standards or norms are benchmark QA criteria 
that are established by the department QA team (with input 
from technologists, administrators, radiologists, and legal), 
with each individual case (adverse action) also being 
reviewed by the QA team to ascertain the cause of the com 
plication. In certain circumstances, where the program 110 
notifies the QA team of the sub-standard performance indi 
cators for any individual, the QA team can determine whether 
the adverse action was the result of human error (e.g., unco 
operative patient), for example, and this is documented by the 
QA team into the database 113 to ensure that the individual 
technologist's performance record accurately reflects both 
the cause and severity of the adverse action. 
0078 Thus, each practitioner (technologist, nurse, and 
radiologist) would have their own individual data entered into 
the QA database 113 that records individual performance. If 
and when these performance indicators exceed pre-deter 
mined thresholds (established within the department and 
related to local, regional, and national norms), in a compari 
son analysis performed by the program 110, then remedial 
education and training is indicated by the program 110 to the 
QA team, for example, via various means (i.e., e-mail, fax, 
etc.). If the performance is deemed so poor as to compromise 
patient safety (as determined by the QA team or committee), 
privileges may be suspended or revoked and the program 110 
will automatically suspend computer access until privileges 
are reinstated after a QA team has reviewed the records, and 
an approval provided. 
0079 Individual departments and imaging providers may 
also make some QA data available within the hospital, for 
example, or to the public, for the purpose of making quality 
metrics known, so that customers (for example, patients, cli 
nicians, and third party payers) can make objective, data 
driven decisions as to selection of imaging providers, etc. One 
of the mandates of pay-for-performance (P4P) programs is to 
make quality related data available to the public for informed 
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decision-making and this can be done by partially tying pro 
vider payments to the sharing of this data. 
0080. Also, by use of this QA system, administrators can 
appropriately delegate clinical and technical responsibilities 
to staff members who exhibit the highest performance. 
0081. Another feature of the present invention is the 
assessment of exam appropriateness which may be per 
formed by the program 110. This assessment provides an 
objective means to ascertain whether the appropriate exam 
parameters are being utilized, based on the clinical indica 
tions and patient history provided. Computerized physician 
order entry (CPOE) systems 15 may provide the technical 
means to accomplish this task with ordering clinicians 
required to input the pertinent clinical indication and patient 
history into the database 113, as well as for assessing exam 
appropriateness based on the clinical data provided (using 
artificial intelligence in the form of neural networks). 
0082 In addition to the assessment of exam appropriate 
ness, the program 110 performs a functional assessment of 
how the pre-selected imaging exam is to be performed. For 
example, an abdominal CT exam may be performed in an 
unlimited number of ways, based on the presence or absence 
of a diagnostic medical agent, the manner in which the diag 
nostic medical agent is delivered, the various phases of image 
acquisition (relative to diagnostic medical agent delivery), as 
well as the various processing parameters employed. The 
selection of these “contrast related parameters by the pro 
gram 110 must take into account a multitude of clinical, 
historical, and laboratory data unique to each individual 
patient. Using the same abdominal CT analogy, five different 
patients could be referred to an imaging department by the 
radiologist after assessment/notification by the program 110. 
for assessment of abdominal pain and Suspected abdominal 
aortic aneurysm. Based on the individual patient-specific data 
outlined below in Table 1, the appropriate selection of the 
imaging exam, technique, and diagnostic medical agent 
administration by the program 110 and the radiologist, would 
vary. 

TABLE 1. 

Body Patient Renal Allergic Recommended 
Habitus Compliance Function History Exam 

Patient Thin High Good No CT 
A. allergies 

Patient Thin Medium Good Iodine CT- or US 
B allergy 

Patient Thin Poor Poor Unknown US 
C 

Patient Obese High Good No CT 
D allergies 

Patient Obese Medium Good Iodine CT 
E allergy 

Patient Obese Poor Poor Unknown CT 
F 

0083 Specifically, in the case of the above patients, the 
program 110 would compare Patients A, B, and C, and note 
differences in compliance, renal function, and allergic his 
tory. As a result of poor renal function and an uncertain 
allergy history; the program 110 would determine that the 
preferable imaging study for Patient C would be an ultra 
sound (in lieu of CT). Patient F has the same profile as Patient 
C, with the exception of a different body habitus, which 
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would limit patient F's ability to replace CT with ultrasound 
(because ultrasound is largely dependent upon patient size, 
whereas CT is not). 
I0084. The program 110 would determine that Patients A 
and B would both be CT candidates, except that the history of 
iodine allergy may effect the decision as to whether or not 
intravenous contrast, for example, should be administered, 
and if so, what type of contrast would be appropriate. If for 
example, Patient B’s electronic medical record (EMR) has 
documentation of a recently performed contrast-enhanced 
CT exam without adverse reaction, then the program 110 
would determine this fact and recommend contrast adminis 
tration (using the same contrast agent) as appropriate. If on 
the other hand, Patient B’s EMR notes a priorallergic reaction 
(e.g., urticaria) from a prior contrast-enhanced CT, then the 
program 110 would recommend the preferred exam as an 
ultrasound or non-contrast CT. For Patient E, (who has the 
same profile as patient B, except differences in body habitus), 
the program 110 would determine the preferred imaging 
exam as non-contrast CT, due to technical limitations associ 
ated with ultrasound in an obese body habitus. For Patients. A 
and D, the preferred imaging exam would be determined by 
the program 110 to be contrast-enhanced CT, although the 
Volume of contrast administered and processing parameters 
utilized may vary depending on differences in patient weight. 
I0085. In addition to the assessment of exam appropriate 
ness and patient safety, clinical assessment of the exam per 
formed is another variable contained within the Contrast QA 
Scorecard of the present invention. In addition to the program 
110 determining the appropriateness of contrast administra 
tion, radiologists and clinicians are tasked with ensuring the 
maximal diagnostic information is contained within the 
imaging exam performed, thereby improving diagnostic 
accuracy and medical/surgical treatment. 
I0086. In one example, a patient with newly diagnosed 
colon cancer presents for a staging CT of the abdomen and 
pelvis. Based on the patient profile and clinical indication, it 
is determined by the program 110, and affirmed by the clini 
cian and radiologist, that the appropriate exam is a contrast 
enhanced CT. In the course of defining the protocol for this 
exam, the radiologist directs the technologist as to the type, 
Volume, and rate of contrast administration. In one scenario, 
the radiologist may instruct the technologist to obtain images 
during both the arterial and venous phases of liver enhance 
ment, while in a second scenario the radiologist simply defers 
to the technologist, who acquires images in the venous phase 
of enhancement only. 
I0087 While both exams utilize the same volume and type 
of diagnostic medical agent, one exam (with biphasic imag 
ing), acquires additional data that ultimately leads to 
improved diagnosis (in both accuracy and confidence of diag 
nosis). As a result of the more definitive report associated with 
the biphasic exam, the clinician would in all likelihood pro 
vide a higher clinical assessment score for this exam, as 
opposed to the “standard” single, phase CT exam. This clini 
cal assessment is recorded in the database 113 by the program 
110 as part of the Contrast QA Scorecard for further analysis 
on an individual, department, and institutional basis. In addi 
tion, follow-up imaging studies, clinical tests, and pathology 
reports would be recorded by the program 110 to further 
differentiate radiologist performance in overall economics 
and outcomes analysis. 
I0088. Thus, once the program 110 makes an assessment of 
exam appropriateness, the responsible clinician and radiolo 
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gist, who collectively are responsible for assessing the 
patient's clinical status and history, would confirm the opti 
mal imaging exam. 
0089. Once the exam type is determined by the program 
110 and affirmed by the clinician and radiologist, the manner 
in which contrastis administered is the primary responsibility 
of the radiologist, who is tasked (based on clinical training 
and expertise), with ensuring contrast is administered in the 
appropriate fashion to maximize patient safety and clinical 
efficacy. 
0090 Clinical adverse outcomes resulting from contrast 
administration (e.g., nephrotoxicity, pulmonary edema, ana 
phylaxis) are electronically recorded by the program 110 in 
the patient's medical record (e.g., EMR) and duplicated 
within multiple information systems (PACS 30, RIS 20) for 
redundancy, as well in the centralized QA database 113. In 
addition, these adverse outcomes are recorded by the program 
110 in the radiologist and clinician's QA databases 113 for 
documentation, analysis, and educational purposes. 
0091. In addition to the aforementioned clinical data con 
tained within the Contrast QA Scorecard and which is pro 
vided to predetermined users (i.e., QA team, etc.) by the 
program 110, technical data is an important component and is 
largely tied to injector technologies. The technical data is 
acquired directly from the contrast injection device 5 by the 
program 110 and stored in the database 113. The contrast 
injection device 5 stamps the data from the contrast injection 
device 5, and records the type and volume of contrast admin 
istered, injection rate and pressures, and contrast extravas 
tion. These data can be stored in the database 113 by the 
program 110 and directly correlated with the imaging modal 
ity (e.g., CT, MRI) to provide a direct linkage between con 
trast delivery and the derived imaging data. This provides 
information on both patient safety as well as the specific 
imaging protocol employed. 
0092. In another embodiment, the program 110 incorpo 
rates diagnostic medical agent information, such as contrast 
related data, into each individual image DICOM header. In 
this embodiment, the radiologist would place a cursor on the 
monitor 102 over any region on the displayed image and the 
program 110 would provide contrast-data specific to that 
Volumetric data point, which can be used for diagnosis, qual 
ity assessment, or physiologic assessment. 
0093. If, for example, the user wanted to determine differ 
ential perfusion to the kidneys, the user could place the cursor 
over each individual kidney and review the time-activity 
curve of each kidney presented on the display 102 by the 
program 110, to compare and contrast differential renal per 
fusion. This could be done by the program 110 for a single 
kidney, or comparing two kidneys, or even the one kidney 
over time (relating contrast data from two different studies). 
Since the data is recorded and tracked in a standardized fash 
ion by the program 110, it is directly comparable, regardless 
of the equipment (CT) manufacturer, technologist perform 
ing the exam, or changes in technique. 
0094. The same principle could be applied to an area of 
pathology (e.g., renal tumor), which provides a standardized 
mechanism to assess tumor perfusion. This could be impor 
tant for treatment planning, assessing response to therapy, or 
guiding Surgical intervention. 
0095. In one example, a CT protocol for CT of the kidneys 
includes information for both the Scanning protocol such as 
mAS and kVP and slice thickness and other parameters as 
well as the contrast injection protocol. The program 110 
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would provide a functional assessment, where the patient is 
recommended for a Scout image of the abdomen that does not 
involve injection of contrast. Thus, the injector 5 does not 
inject contrast and the program 110 would generate a DICOM 
image that has a field that indicates that the image was unen 
hanced. 
0096. The patient then has an unenhanced CT of the kid 
neys and the program 110 would not allow the injector 5 to 
inject contrast and those images are all labeled by the program 
110 as unenhanced. 
0097. At a later date, the patient then has a contrast 
enhanced series obtained with triggering off the abdominal 
aorta. A region of interest is automatically drawn by the 
program 110 over the Suprarenal abdominal aorta (or this can 
be manual), and images at Super low dose are obtained at that 
level by the program 110, and the program 110 directs the CT 
scanner 21 for the injector 5 begin the injection of contrast. A 
trigger of 150 Hounsfield units is used to begin the scan of the 
abdomen at regular dose. 
0098. The injection protocol calls for an initial bolus of 2 
cc’s per second with a linear rise over 5 seconds to 4 cc's per 
second which is then maintained for a total of 20 seconds 
during administration. Subsequently, the program 110 has the 
injector 5 inject the contrast at a rate of 2 cc's per second for 
the next 20 seconds. 
0099. The program 110 has the injector 5 send information 
about the contrast injection protocol including timefactivity 
curve (precise injection rate at each time period and when the 
injection started and stopped) to the database 113. This would 
include pressure information and whether or not there was 
evidence of soft tissue extravasation. It would also include 
amount of contrast used the type of contrast used and any 
problems with the injector. 
0100. After a few minutes, a delayed set of images is 
obtained by the program 110 without injection of additional 
contrast material. Since these images were obtained after a 
contrast injection occurred, they are labeled by the program 
110 accordingly (e.g., the first image would indicate that it 
was obtained 5 minutes and 50 seconds after the start of the 
contrast injection profile recorded on the previous series 
including the bolus tracking information). Thus, these images 
would not be labeled as unenhanced by the program 110 but 
with their own unique contrast profile that would indicate 
how long the delay was after the injection of contrast. 
0101. When viewed, the program 110 would allow the 
radiologist or technologist or clinician, or other reviewer, to 
see on the display 102 where any individual slice fellona time 
contrast injection activity curve. The information could be 
displayed in a number of ways including the curve itself, or 
using a color or size of font scheme to indicate where the 
image fell in the contrast injection timing including amount 
and pressure and whether extravasation occurred. This would 
allow the user to determine whether the contrast injection 
timing was adequate for the imaging and allow Subsequent 
adjustment and fine tuning of the contrast injection on Sub 
sequent studies performed on the patient. It would also permit 
cumulative contrast amount tracking by the program 110, and 
the program 110 could also track the patient's GFR, creati 
nine, BUN or other pertinent laboratory studies in the 
DICOM information as well or as a separate file. 
0102 Thus, in one example, this more specialized proto 
col sequentially obtains CT images during different phases of 
contrast administration (arterial, venous, and excretory 
phases). The data recorded by the program 110 would not 
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only identify the volume and type of contrast, but also the 
injection rates and specific times and sequences of image 
acquisitions. This may be important in certain types of diag 
noses and overall interpretation accuracy. 
0103) This recorded information can also be used prospec 

tively by the program 110 to determine the optimal imaging/ 
contrast protocol in accordance with the clinical indication. 
If, for example, the patient has a Suspected renal malignancy, 
then the program 110 would be able to provide an “optimal 
imaging protocol that is disease-specific (based on the scien 
tific literature and established clinical guidelines). 
0104. After contrast is administered, an image study is 
taken of the patent by a technologist based on the clinician's 
instructions, using the radiographic device 21, and the cas 
sette is read at plate reader 22. The various QA data points 
taken during the diagnostic medical agent administration and 
following exam, are recorded in the QA database 113 by the 
program 110 using extensible mark-up language (XML) 
schema. Individual XML tags are applied to each individual 
QA data point, which would initially reside in the primary 
technology in which it was acquired or recorded (e.g., RIS 20, 
PACS 30, EMR, injector 5, and modality). 
0105. In performing the exam, the number of quantitative 
metrics (QA data points) contained within the Contrast 
Scorecard could be proactively accessed, referenced, and 
analyzed to provide the performing technologist with recom 
mendations to optimize exam quality and patient safety. The 
data analyzed within the Contrast Scorecard for the purposes 
of technologist decision support would include (but not be 
limited to) the following: Patient Profile (body habitus, age, 
clinical indication, past and current medical/surgical history); 
Contrast Safety Profile (organ toxicity, allergic reactions, side 
effects); Contrast Efficiency (Time activity curve analysis); 
Volume of Contrast; Timing of Contrast Administration; Site 
of Intravenous Access; Modality (Used for Data Acquisition); 
and Acquisition Protocol. 
0106. In the case of a portable ICU chest radiograph for 
example, the technical acquisition data would be presented to 
the technologist at the time of a later comparable exam being 
performed. In addition to the acquisition parameters used 
from prior comparable exams, the corresponding image qual 
ity metrics contained within the QA database 113 (both sub 
jective and objective) would be cross-referenced by the pro 
gram 110 to identify the optimum exposure parameters to use 
for the current study. This could take into account multiple 
variables unique to the current exam including change in 
patient clinical status, indication for the current exam, and 
changes in technology used. By cross-referencing the patient 
and institutional specific QA databases 113 with those of 
regional, national, or international databases; the program 
110 would present the technologist with a compendium of 
analytical data which would offer the optimum exposure 
parameters for the exam to be performed. Much of this cross 
referencing of QA data would be performed automatically by 
the program 110 at the time of computerized order entry. 
0107 Thus, when preparing for the examination to be 
performed, the technologist would review the data automati 
cally transferred by the program 110 from the injection device 
5, CPOE 15, PACS 30, RIS 20, and EMR and input key 
variables into the QA and Contrast Scorecard databases for 
prospective analysis and recommendations for contrast opti 
mization parameters. Based on the program's 110 recommen 
dations and/or data, and the additional input from key stake 
holders (e.g., referring clinician, interpreting radiologist, 

Apr. 9, 2009 

departmental administration), the technologist may input a 
hierarchical list of variables, which in turn prompts the pro 
gram 110 to present the technologist with a list of “preferred 
options for exam protocol, contrast agent, Volume/timing of 
contrast administration, and image processing algorithms for 
enhanced diagnosis. 
0108. In one detailed example, a patient may have had a 
recent myocardial infarction (MI) or inflammation of the 
heart muscle (myocarditis), either one of which could result 
in a Substantial decrease in cardiac function. Because patient 
condition can change quite dramatically overa short period of 
time, the methodology used for image acquisition and con 
trast administration must also change in accordance to the 
patient profile, in order to simultaneously maximize patient 
safety and exam efficacy. As a result of this significant change 
in clinical status of the patient, the optimized contrast param 
eters would need to be changed based on changes in the 
patient profile, such as newly diagnosed CHF, weight loss/ 
gain, and recent Surgery (nephrectomy). 
0109 The program 110 would search the Contrast and QA 
databases 113 for prior comparable imaging studies (CTA 
heart) in this patient, and return the result that optimized 
image quality may be determined to occur with an injected 
contrast volume of 100 cc at a rate of 2 cc per second. How 
ever, with the change in cardiac function this would no longer 
be applicable, since repeating these contrast administration 
parameters in the patient's current clinical status would likely 
result in a complication Such as pulmonary edema. Recog 
nizing this change in the patient profile, the program 110 
would notify the technologist of this problem. Then, the tech 
nologist could proceed in a number of ways to modify the 
contrast protocol with the assistance of decision Support tools 
integrated into the Contrast Scorecard program 110. 
0110. For example, the technologist may consult the data 
base 113 to find recommendations for contrast administration 
at different levels of cardiac function. By entering in the exam 
to be performed (CTA Heart), the patient's most reject cardiac 
ejection fraction (24% by echocardiography), patient renal 
function (creatinine) and the patient weight, the program 10 
will provide a generic recommendation for contrast volume 
and injection rate for a number of different contrast agents. 
0111. The technologist may then query the institutional 
Contrast/QA databases 113 for prior patient and exam-spe 
cific contrast data. When the program 110 identifies the opti 
mized contrast-related protocol, the technologist inputs the 
“critical patient change' to the program 113 and either selects 
the variable from a pre-determined pick list presented by the 
program 10, or manually enters the critical change (decreased 
cardiac function). The program 10 then cross-references this 
changing variable within its database 113 and makes recom 
mended modifications to the contrast administration param 
eters based on its intrinsic knowledge base 113 and data 
analyses (of similar patient profiles and exam types). 
0112. In another embodiment, the technologist may also 
repeat the same steps as previously, but in this case, may elect 
to query a multi-institutional database 113 (regional, 
national, international) that can incorporate a number of addi 
tional optional data points into the analysis including (but not 
limited to) the specific contrast agent to be used, the specific 
acquisition technology employed, the exact site of intrave 
nous access, and the method of contrast injection (e.g., spe 
cific type of automated injector). By searching larger data 
bases 113, the program 110 can generate a greater number of 
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recommendations for contrast administration, which take 
into account these additional variables. 
0113. Thus, in the above examples (CHF, weight gain/ 
loss, or recent Surgery), the technologist would input the 
“changing patient profile' variable and the program 110 
would prompt the technologist with relevant questions. In 
addition, the Contrast Decision Support portion of the pro 
gram 110 could automatically query relevant information 
technology (IT) databases 113, such as the patient electronic 
medical record (EMR) for additional data. In the case of 
recent Surgery (nephrectomy), the removal of one kidney 
would likely result in change of the patient's overall renal 
function, which can be measured by several laboratory mea 
Sures (e.g., creatinine, glomerular filtration rate (GFR)). If 
neither the technologist nor EMR has this relevant data avail 
able for correlation at the time of exam performance, the 
program 110 may recommend a number of options to the 
technologist, Such as: 1) perform the requisite exam without 
contrast administration; 2) change the exam selection to an 
alternate imaging exam, which does not require diagnostic 
medical agent; or 3) obtain pertinent laboratory data prior to 
performing the exam as ordered. 
0114. The program 110 would also search the patient 
EMR for related medical data, such as other medical condi 
tions that could impair renal function (e.g., diabetes), that 
might have an additive impact on renal deterioration. With 
this additional knowledge in hand, the program 110 may alert 
the referring clinician or interpreting radiologist (via an 
e-mail or text message) of the clinical concerns and request 
further clarification of exam status. This multi-directional 
communication would be electronically recorded in the Con 
trast and QA databases 113 with receipt confirmation. The 
“high alert” status generated would automatically be 
recorded by the program 110 into a special QA folder for 
additional clinical/peer review (i.e., QA team). Each tech 
nologist, referring clinician, and interpreting radiologist 
would also have these data entered into their own individual 
QA/Contrast Scorecards for patient safety analyses. 
0115. In the event an adverse outcome resulted from con 
trast administration (e.g., renal failure), the program 110 
would automatically flag the case in the Contrast and QA 
Scorecard institutional databases 113, for additional peer 
review and outcome analysis. This data would also be trans 
mitted by the program 110 to corresponding regional and 
national “adverse outcomes’ databases 113, which could be 
used for individual credentialing, institutional accreditation, 
provider education, pay for performance measures, and 
research/product development. 
0116. Thus, once the diagnostic medical agent is admin 
istered, the radiographic exam is taken according to known 
techniques. Once the exam has been completed (as desig 
nated by clinician receipt of the final report), the images taken 
are automatically forwarded to the PACS 30 by the program 
10, and then to the computer imaging display device 102 for 
display and then to the QA database 113 for storage. The 
images are then analyzed and utilized by the program 10 for 
comprehensive reporting. 
0117 Optimization of diagnostic medical agent is deter 
mined by the program 110 by including the modality (e.g., CT 
or MRI), power injector 5 (for contrast administration), and 
PACS 30 (for image archival and review). In addition to these 
three core technologies, a number of ancillary technologies 
have the potential to also become integrated into contrast 
optimization, specifically as it relates to the interpretation 
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process. These consist of decision Support technologies 
which include (but are not limited to) computer aided detec 
tion/diagnosis (CAD), segmentation analysis, textual analy 
sis, and automated data mining. 
0118. The following are critical components in the stan 
dardization of contrast-related data, and the program 110 
records these components as a number of data points which 
are contained within the Digital Imaging and Communica 
tions in Medicine (DICOM) header. The components are: 
Time—Starting time of contrast administration (can be single 
or multiple), Ending time of contrast injection (can be single 
or multiple), Specific time of each individual image relative to 
contrast start time; Contrast Agent—Specific type of contrast 
agent, Osmolality of contrast agent, Total Volume adminis 
tered, Delivery Methodology; Method of contrast adminis 
tration-Rate of contrast injection (can be single or multiple: 
Volume of contrast administered (at time of each individual 
image acquisition), Anatomic site of access for contrast deliv 
ery; Catheter size, Attenuation Values—Attenuation value of 
specific anatomic region of interest (ROI) (specific to each 
individual image), Differential attenuation values (of these 
ROls over time), Change in attenuation relative to pre-con 
trast ROI, Complications—Iatrogenic complications (ex 
travasation). Allergic reactions (type and severity), Treatment 
of complications, Patient disposition; Technology—Image 
acquisition, Image processing, Contrast delivery, Data Stor 
age. 
0119 The above standardized data can be incorporated 
into the DICOM header for each medical image, which pro 
vides a standard mechanism for data storage within medical 
imaging and information technologies. 
I0120 Thus, using the Contrast Scorecard and standardiza 
tion of contrast-related data, the injector 5, modality, and 
PACS 30 would communicate and share data with one 
another, thereby creating a universal contrast database 113. In 
addition, the program 110 would use the standardized data to 
create a mechanism by which an individual practitioner (e.g., 
radiologist, clinician, and technologist) could review any 
image contained within the comprehensive imaging dataset 
and identify critical information related to anatomy, pathol 
ogy, and contrast indicators. By the program 110 storing the 
data within each individual image's DICOM header, the 
image could be reviewedina Standard format (independent of 
the imaging modality and PACS used), and standardized data 
could be extracted related to contrast administration by the 
program 110. 
0.121. The above technical data tied to contrast adminis 
tration can be Supplemented by equipment quality control 
(QC) data, which measures equipment performance and cali 
bration, at the levels of the imaging modality and injector 
technologies. The QC can be performed by technologists or 
medical physicists, using phantoms. In addition, some tech 
nologies use automated QC programs provided by special 
ized computer Software programs. The data is stored in the 
database 113 by the program 110 and provided with the 
contrast information data for comprehensive review by the 
QA team etc. 
0.122 Further, by creating standardized data related to 
contrast administration, the program 10 can tailor (i.e., cus 
tomize) the decision Support technology to the contrast-en 
hanced imaging data. For example, the current CAD tech 
nologies take a “one size fits all approach, where a single 
CAD algorithm is applied to the imaging dataset, regardless 
of the variability in contrast enhancement. If, as an example, 
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a CAD program is applied to a CTA of the thorax (in the 
detection of pulmonary emboli), the CAD program is not 
designed to modify to differences in pulmonary arterial 
enhancement, which is currently highly variable. However, in 
the present invention, the program 110 can include a contrast 
specific CAD program, which utilizes slightly different algo 
rithms, depending upon the degree of pulmonary arterial con 
trast enhancement. By creating standardized contrast-data 
tied to each individual image, the CAD algorithm could be 
modulated (literally on an individual image basis) by the 
program 110, in accordance with the degree of contrast 
enhancement. Through the creation of large contrast datasets 
(using the aforementioned standardized contrast imaging 
data), both researchers and Vendors could have access to 
meta-data to optimize decision Support technologies (specific 
to differential contrast enhancement), as well as creating best 
practice guidelines and standards relating to contrast imaging 
data. 
0123 Patient subjective feedback provides additional data 
in assessing individual and institutional customer service. 
Patient satisfaction surveys can be electronically sent and/or 
administered to patients by the program 110 following 
completion of their imaging exams, to assess a number of 
Subjective data including, for example, professionalism of 
staff, technical proficiency (in obtaining intravenous access), 
informed consent (explanation of procedure and satisfactory 
response to questions), overall comfort during exam perfor 
mance, symptoms (and adverse actions) related to contrast 
administration, and timeliness of examination. 
0.124. Additional QA variables for handling by the insti 
tution/administrator would include patient education (includ 
ing informed consent), remedial staff education and training, 
and technology assessment. As stated above, all adverse 
patient outcomes and medico-legal ramifications would be 
included in the comprehensive QA analysis conducted and 
stored in the database, to provide an objective means with 
which the institution/administrators can accurately gauge 
clinical efficacy. 
0.125. The combined data obtained from subjective feed 
back and objective data collection and stored in the database 
113, can in turn be used by the program 110 to create a 
comprehensive assessment of operational efficiency and per 
formance as it relates to contrast administration. 

0126. In addition to clinical outcomes analysis, these data 
can also be used by the program 110 to perform an economic 
analysis of contrast administration in association with medi 
cal imaging examinations. By pooling data from multiple 
participating sites, a meta-analysis can be performed by the 
program 110 (taking into account institutional, technology, 
and patient-specific demographics) to provide “best clinical 
practice' guidelines and recommendations for improved eco 
nomics, as it relates to contrast administration within medi 
C1G. 

0127. Best practice guidelines are typically created by a 
consensus panel of experts, based on available clinical data 
(which can be provided by pooling QA data). These expert 
panels are typically created by professional Societies (e.g., 
American College of Radiology) and create guidelines for the 
heterogeneous group of end-users to follow. Because each 
clinical situation is unique (differences in institutional demo 
graphics, technology used, patient clinical status, etc.) the 
guidelines tend to be fairly general and appeal to the least 
common denominator, and will often make practice recom 
mendations. 
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I0128. These clinical guidelines can be integrated by the 
program 110 into the various information and imaging tech 
nologies to serve as a reference. If and when guideline thresh 
olds are exceeded (e.g., Volume and specific type of contrast 
for a particular clinical indication), then an electronic warn 
ing can be provided by the program 110 to the end-user. 
I0129. If, for example, the end-user decides to proceed in a 
manner different from the recommended guidelines, the pro 
gram 110 can document the cause and justification (e.g., 
special research protocol) into the RIS 20 and/or PACS 30, or 
database 113. This provides the means with which end-users 
have full discretion to protocol the study in the manner they 
see fit, with data recorded by the program 110 for future 
analysis. 
0.130. When external peer review is performed (in accor 
dance with Joint Commission on Accreditation of Healthcare 
Organizations (JCAHO) requirements, for example), this 
technical data related to contrast administration provides a 
valuable adjunct in determining the role of contrast adminis 
tration in overall assessment of imaging quality and diagnos 
tic accuracy. 
I0131 The Contrast Scorecard program 110 can also pro 
vide the end-user with educational links, which can take a 
number of forms including (but not limited to) peer review 
journals, FDA guidelines, basic Science and clinical research 
(related to contrast), Societal recommendations, and industry 
related data relevant to imaging modalities, contrast agents, 
and contrast injectors. As an example, if a new contrast agent 
has just received FDA approval and is being marketed, a 
radiologist or clinician can enter the contrast agent of interest 
and receive, from the program 110, educational information 
and relevant clinical data from the Contrast/QA Scorecard 
databases 113. As data is collected within these Contrast and 
QA databases 113, alerts can be sent out to physicians by the 
program 10, with updates analyses, which assist them in their 
selection of specific diagnostic medical agents and protocol 
selection. 
I0132) Administrators may also use individual, institu 
tional, and national database records within the Contrast and 
QA Scorecard databases 113 to assist with the creation of 
operational standards, education and training, credentialing, 
and technology assessment. 
0.133 As an example, if an administrator is considering the 
purchase of a new imaging modality, diagnostic medical 
agent, or contrast injector, he/she may consult the Contrast/ 
QA database 113 to make an educated and data-driven deci 
S1O. 

I0134. If on the other hand, an administrator is being tasked 
with requests for new or expanded clinical privileges, they 
may consult the individual requestor's Contrast/QA Score 
card database 113 to obtain objective data which can be 
correlated with their peers to determine whether they meet 
accepted Standards of practice. If the imaging department or 
any of its practitioners are deviating from accepted Standards 
(relative to quality or safety), the administrator can utilize 
data contained within the Contrast and QA Scorecard data 
bases 113 to assist with education and training. 
0.135 Trending analysis is performed by the program 110 
from this comprehensive QA database 113 with periodic 
reports (using a standardized template) issued by the program 
110 to the various stakeholders assisting in the QA data 
collection (technologists, radiologists, clinicians, administra 
tors). All adverse clinical outcomes initiate an immediate QA 
root cause analysis, and are stored in an additional 'adverse 



US 2009/009.4058 A1 

outcomes’ database 113. In addition, individual QA outliers 
(defined as beyond two standard deviations beyond local, 
regional, or national norms) are recorded by the program 110. 
which then initiates educational and peer review. 
0136. Third party payers may elect to promote participa 
tion in this QA analysis by offering financial incentives to 
those institutions, healthcare providers, and technology ven 
dors that participate in data collection, standardization, and 
analysis. 
0.137 Third party payers and credentialing agencies can 
also use the data contained within the Contrast and QA Score 
card databases 113 to make objective assessments of perfor 
mance, as it relates to relevant peer groups. This is particu 
larly relevant to Pay for Performance (P4P) programs, which 
are theoretically designed to offer economic incentives to 
those providers that exemplify high standards of clinical prac 
tice. The data contained within these Scorecards provides 
objective data related to quality and safety, while allowing for 
comparison within selected peer groups. 
0.138. In the case of the Contrast Scorecard, imaging pro 
viders sharing pre-defined QA data with the public would be 
entitled to Some financial incentive. In addition, those provid 
ers whose QA performance measures meet or exceed the 
threshold (e.g., rate of contrast extravasation) would also get 
a financial incentive. The financial incentive typically comes 
from a discretionary pool. Such that a base compensation is 
allocated to all providers and the additional P4P fee added to 
that base. 

0139 Finally, this combined QA data could be made avail 
able by the program 110 over the Internet to assist in patient 
education and informed decision making. 
0140 Thus, the Diagnostic Medical Agent Scorecard pro 
vides representative lists of individual profiles which include 
the following: Radiologist, Clinician, Technologist, Aide, 
Department, Institution, Diagnostic Medical agent, Contrast 
injector (or other application device), and Modality. 
0141. In addition, the individual and institutional admin 
istration profiles include information on, for example. (Intra 
venous) Access, Screening (Safety Profile and EMR), latro 
genic Complications, Utilization, and Technical 
Optimization Factors (Exam Protocols, Dose Optimization). 
0142. With respect to the Diagnostic Medical Agent (i.e., 
Contrast) Scorecard profiles, a number of variables are con 
tained within each individual one specific to the individual 
entity being evaluated. The comprehensive list of variables 
tracked by the program 110 within the Contrast Scorecard 
may include, for example: patient safety, Such as allergic 
reactions, side effects, organ toxicity, morbidity and mortal 
ity, contrast extravasation, intravenous access rates; contrast 
utilization, such as single exam Volume, cumulative contrast 
dose, exam appropriateness, ionic vs. non-ionic contrast; con 
trast optimization, Such as contrast efficiency (contrast time 
activity quantitative analysis, multi-phasic contrast adminis 
tration, and requirement for additional/repeat imaging; 
clinical utility and assessment, Such as diagnostic accuracy, 
protocol optimization, level of diagnostic confidence; educa 
tion and training, such as continuing education, database 
management, technical in-services; and technology assess 
ment, Such as bolus tracking, data collection and analysis, 
equipment quality control, and automated contrast cut-off 
customersatisfaction; and economic analysis. The individual 
contrast profile represents a subset of variables from the com 
prehensive list, tailored to the specific responsibilities of each 
representative. 
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0.143 Specifically, the first category of patient safety met 
rics includes those adverse outcomes related directly to the 
contrast agent, including allergic reactions, non-allergic side 
effects, and organ toxicity. Allergic reactions to contrast are 
recorded by the program 110 in the database 113 according to 
both the frequency and severity of the allergic reaction, as 
well as any required intervention for treatment of the allergic 
reaction. Other non-allergic (idiosyncratic) side effects are 
also recorded by the program 110 which constitute adverse 
effects related to contrast administration, which are not the 
direct result of an allergic reaction (e.g., headaches, vomit 
ing). Organ toxicity is recorded by the program 110 according 
to the specific organ damaged (e.g., kidney, liver) and the 
extent of toxicity (as recorded by organ-specific laboratory 
data tracked to organ function. This could include GFR and 
creatinine for the kidney and liver enzymes for the liver. 
0144. Also included in the patient safety category are 
iatrogenic complications related to the technical procedure of 
catheter insertion and contrast delivery. These variables 
include unsuccessful venous catheter insertion (frequency), 
contrast extravasation (frequency and Volume), and tissue 
injury (e.g., AV fistula, pseudoaneurysm, hematoma, necro 
sis). 
0.145) Further, the QA variables for the Diagnostic Medi 
cal Agent Scorecard that are included for the individual stake 
holders include, for example: Technologist; Education and 
Training, Catheter Insertion, latrogenic Complications; Radi 
ologist: Exam Appropriateness, Patient Safety Profile, Mor 
bidity and Mortality: Clinician: Data Input, Exam Appropri 
ateness, Clinical Assessment Feedback; Administrator: Staff 
Education and Training, Equipment Quality Control, Eco 
nomic Analysis: Patient: Subjective Feedback (Satisfaction), 
Compliance; and Vendor: Data Collection, Injection Param 
eters. 

0146 In operation (see FIGS. 2A and 2B), the program 
110 receives a request for an examination by the referring 
clinician in step 300. Clinical, historical, and pertinent labo 
ratory data are included with the request, and specific recom 
mendations for the diagnostic medical agent (i.e., contrast) 
are also included in the requisition. 
0.147. In step 301, the program 110 notifies the radiologist 
and technologist, for example, of the request for examination. 
If there are any questions, the technologist can arrange a 
direct consultation with the radiologist to clarify questions or 
concerns at the time of order entry. 
0.148. Note that all users are subject to authentication and 
Verification of access, training, and education, as well as their 
privileges being in good Standing. If there is any problem with 
any of these parameters, then the program 110 may lock out 
the user, or prevent them from gaining access to certain pro 
grams etc., until the issue is removed or overcome. 
0149 All the relevant data are then integrated into the 
CPOE 15 (when available) in step 302. 
0150. When the patient arrives in the department of the 
institution at the time of the scheduled examination, the 
patient intake personnel Verify the scheduled exam in step 
303, and enter and store any pertinent patient and exam data 
into the RIS 20. 
0151. The patient is then escorted to the designated area 
for preparation, where the technologist obtains informed con 
sent and enters same into the database in Step 304, and 
answers any patient questions. 
0152. In step 305, an assessment of exam appropriateness 
may be performed by the program 110, where the program 
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110 will pull up previous exams and provide an indication of 
whether the exam would be suitable for this patient. If there 
has been a change in the patient's clinical history, the program 
110 will perform an analysis in step 306, and notify the 
technologist. 
0153. In step 307, the program 110 will provide the tech 
nologist with any recommendations for the revised exam 
parameters, which are confirmed by the technologist, and 
stored by the program 110 in step 308. 
0154) In step 309, the program 110 performs a functional 
assessment of how the pre-selected imaging exam is to be 
performed. 
0155. In step 310, the functional assessment of the imag 
ing exam is confirmed by the technologist or radiologist. 
0156. In step 311, the nurse and/or technologist (i.e., third 
party) performs the patient profile and clinical assessment, 
and the program 110 stores this information in the database 
113. 
0157. The radiologist then reviews the exam protocol and 
makes any necessary modifications based on the available 
data, and the database 113 is updated in step 312. 
0158. The equipment QC is then performed by the tech 
nologist and the data stored in step 313 (although this step can 
be performed at any time prior to the patient's arrival). 
0159. In step 314, the program 110 performs a time syn 
chronization between the injector 5 and the imaging equip 
ment 21 to ensure that times recorded in both systems match 
to the nearest fraction of a second. 
(0160. With the data stored in the database 113 on the 
parameters of the insertion in step 315, the program 110 
makes the selection of the appropriate contrast in step 316. 
The technologist then approves the contrast selection and 
performs testing of the contrast. 
0161 In step 317, an intravenous catheter insertion is per 
formed by an aide, nurse, or technologist, and any iatrogenic 
trauma associated therewith is recorded in the database 113. 
0162. In step 318, the examination (i.e., image acquisi 
tion) is then performed by the technologist. 
0163 The contrastinjection data is collected (by the injec 
tor device), and recorded in the RIS 20, included any adverse 
data, and all stored by the program 110 in the database 113 in 
step 319. 
0164. The variables collected by the program 110 during 
the exam, including where the image fell in the contrast 
injection timing, including amount and pressure, and whether 
extravasation occurred, would allow the technologist to deter 
mine whether the contrast injection timing was adequate for 
the imaging and allow Subsequent adjustment and fine tuning 
of the contrast injection on Subsequent studies performed on 
the patient by updating and storing the parameters of the 
exam. This monitoring would also permit cumulative contrast 
amount tracking and also track the patient's GFR, creatinine, 
BUN, or other pertinent laboratory studies in the DICOM 
information, or in a separate file in the database 113. 
0.165. After the exam, a clinical assessment of the patient 
and the IV site is performed by the nurse or technologist, and 
the data stored by the program in step 320. 
0166 In step 321, the radiologist and/or clinician is noti 
fied by the program 110 of any adverse reaction, and treat 
ment is initiated. If no adverse reaction, the patient is given 
instructions prior to discharge. 
0167. In step 322, the program 110 documents for clinical 
or imaging follow-up, any issues associated with any infor 
mation stored on catheter-related morbidity, and will elec 
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tronically link the same with the primary imaging examina 
tion, in the computer database 113. 
0.168. In step 323, the imaging data is reviewed and ana 
lyzed by the program 110 and by the radiologist, by primary 
interpretation of the initial imaging dataset, the analysis 
which is stored in the database 113 by the program 110. If 
additional data is required, the patient is recalled for addi 
tional imaging/contrast administration. 
0169. In step 324, the specialized image processing 
parameters used for image review and interpretation are 
recorded by the program 110 in the PACS 30 for future 
reference. 
0170 In step 325, pertinent imaging/clinical data is com 
municated by the program 110 to the referring clinician. 
0171 In step 326, the radiologist report is issued electroni 
cally and stored in the PACS 30 and EMR by the program 110. 
Any clinically relevant data (e.g., allergic reaction to con 
trast), is incorporated into the report by the program 110 and 
transferred to the patient EMR. 
0172. In step 327, the program 110 will notify the radiolo 
gist and clinician that direct consultation is required when 
there are unexpected/emergent findings, additional questions 
or clinical uncertainties, and adverse contrast reaction requir 
ing treatment. 
0173 The program 110 will perform a QA analysis in step 
328, and notify institutional or administrative personnel of 
any QA deficiencies in step 329. 
0.174. In step 330, the program 110 issues a patient satis 
faction survey to the patient, which is stored in the database 
113 for comprehensive reporting. The administrative person 
nel, such as the QA team, will perform a review of the QA 
deficiencies and patient complaints. 
0.175. In step 331, the program 110 transfers the individual 
data to a centralized QA database 113. The data is reviewed 
by a QA party to ensure that all non-related data is removed. 
0176). In step 332, the program 10 records the data and 
analyzes it for overall QA performance trends and identifica 
tion of outliers. Thus, a comprehensive assessment of opera 
tional efficiency and performance as it relates to contrast 
administration is performed by the program 110. If clinical 
guideline thresholds are exceeded, an electronic warning can 
be provided by the program 110 to the end-user in step 333. 
0177. In step 334, the program 10 correlates the data with 
local, regional, and national standards, and performs addi 
tional analyses for economic, workflow, clinical outcomes. 
0178. In step 335, the program 110 performs a comparison 
analysis and determines whether there are deficient areas/ 
individuals, and provides feedback and remedial education to 
those persons in step 336. However, the QA team will review 
the data to ensure that the record is accurately portrayed. In 
Some cases, the program 110 will Suspend access to the pro 
gram 110, database 113, or logon privileges etc., until the QA 
team reviews the records or the deficientareas are corrected in 
step 337. 
0179. In step 338, the program 110 posts standardized QA 
data on the Internet for public dissemination. 
0180. It should be emphasized that the above-described 
embodiments of the invention are merely possible examples 
of implementations set forth for a clear understanding of the 
principles of the invention. Variations and modifications may 
be made to the above-described embodiments of the invention 
without departing from the spirit and principles of the inven 
tion. All Such modifications and variations are intended to be 
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included herein within the scope of the invention and pro 
tected by the following claims. 
What is claimed is: 
1. A computer-implemented method of providing diagnos 

tic medical agent administration during an imaging examina 
tion on a patient, comprising: 

retrieving clinical information on the patient from a data 
base; 

performing an assessment of examination appropriateness 
for the patient by performing an analysis on the type of 
requested imaging examination in comparison with the 
clinical information retrieved on the patient; 

retrieving information on a plurality of diagnostic medical 
agents from said database; 

performing a functional assessment of the imaging exami 
nation to be performed by determining parameters for 
administration of a diagnostic medical agent during con 
duct of the imaging examination in light of said clinical 
information on the patient; and 

Selecting and displaying an appropriate diagnostic medical 
agent for use during the imaging examination based on a 
result of said examination appropriateness assessment 
and said functional assessment. 

2. The method according to claim 1, further comprising: 
performing a QC analysis of imaging equipment used for 

the imaging examination. 
3. The method according to claim 2, further comprising: 
performing a time synchronization between an injector 
which delivers the diagnostic medical agent and said 
imaging equipment to ensure that times on both are 
synchronous. 

4. The method according to claim 1, further comprising: 
storing in said database, any iatrogenic trauma associated 

with insertion of an intravenous catheter for delivery of 
said diagnostic medical agent to the patient. 

5. The method according to claim 4, further comprising: 
storing images acquired, QA data received, and diagnostic 

medical agent delivery data received, during the imaging 
examination, in said database. 

6. The method according to claim 5, wherein said QA data 
and said diagnostic medical agent delivery data includes at 
least one of timing of an image acquisition during delivery of 
said diagnostic medical agent, and whether extravasation 
occurred. 

7. The method according to claim 6, further comprising: 
storing a clinical assessment of the patient after the imag 

ing examination and after the catheter is removed. 
8. The method according to claim 7, further comprising: 
notifying a practitioner by electronic means, of any adverse 

reactions, unexpected or emergent findings, based on 
said clinical assessment. 

9. The method according to claim 8, further comprising: 
calendaring follow-up to the patient for additional infor 

mation. 
10. The method according to claim 9, further comprising: 
performing an analysis of said clinical data, image data, 

said QA data, and said diagnostic medical agent delivery 
data; and 

providing a report of said analysis. 
11. The method according to claim 7, further comprising: 
storing any specialized image processing parameters 

assessed for the patient based on said functional assess 
ment and on the imaging examination performed. 
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12. The method according to claim 11, further comprising: 
notifying institutional personnel by electronic means, of 

any QA deficiencies in the examination or in perfor 
mance of the personnel, based on said analysis. 

13. The method according to claim 12, further comprising: 
forwarding a patient Survey to the patient, and storing a 

response to said patient Survey in said database. 
14. The method according to claim 13, further comprising: 
performing a trending analysis of said analysis and said 

patient Survey. 
15. The method according to claim 14, further comprising: 
storing best practice guidelines in said database; 
performing a comparison of said QA data with said best 

practice guidelines; and 
notifying institutional personnel by electronic means, 
when clinical guideline thresholds are exceeded based 
on said comparison. 

16. The method according to claim 15, further comprising: 
performing economic, workflow and clinical outcomes 

analyses of said QA data, clinical data, imaging data, 
and best practice guidelines comparison. 

17. The method according to claim 12, further comprising: 
preventing computer access of any personnel found defi 

cient in performance or training, until said deficiencies 
at OVCO. 

18. The method according to claim 16, further comprising: 
posting standardized QA data from said analyses on the 

Internet for public dissemination. 
19. The method according to claim 1, further comprising: 
incorporating information on the diagnostic medical agent 

into each individual image DICOM header. 
20. The method according to claim 19, wherein said infor 

mation includes a time and/or activity curve of each organ 
presented. 

21. The method according to claim 20, wherein said time 
and/or activity curve is in a preselected color or size of font. 

22. A computer system for providing diagnostic medical 
agent administration during an imaging examination on a 
patient, comprising: 

at least one memory which contains at least one program 
which comprises the steps of: 
retrieving clinical information on the patient from a 

database; 
performing an assessment of examination appropriate 

ness for the patient by performing an analysis on the 
type ofrequested imaging examination in comparison 
with the clinical information retrieved on the patient; 

retrieving information on a plurality of diagnostic medi 
cal agents from said database; 

performing a functional assessment of the imaging 
examination to be performed by determining param 
eters for administration of an diagnostic medical 
agent during conduct of the imaging examination in 
light of said clinical information on the patient; and 

Selecting and displaying an appropriate diagnostic 
medical agent for use during the imaging examination 
based on a result of said examination appropriateness 
assessment and said functional assessment; and 

a processor for running the program. 
23. A computer-readable medium for providing diagnostic 

medical agent administration during an imaging examination 
on a patient, comprising: 

retrieving clinical information on the patient from a data 
base; 
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performing an assessment of examination appropriateness 
for the patient by performing an analysis on the type of 
requested imaging examination in comparison with the 
clinical information retrieved on the patient; 

retrieving information on a plurality of diagnostic medical 
agents from said database; 

performing a functional assessment of the imaging exami 
nation to be performed by determining parameters for 
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administration of an diagnostic medical agent during 
conduct of the imaging examination in light of said 
clinical information on the patient; and 

selecting and displaying an appropriate diagnostic medical 
agent for use during the imaging examination based on a 
result of said examination appropriateness assessment 
and said functional assessment. 

c c c c c 


